Background-Endoluminal treatment of superficial femoral artery lesions is a matter of controversy. The present study was designed to investigate the impact of nitinol stenting of superficial femoral artery lesions with a maximum length of 10 cm on restenosis and clinical outcomes at 1 year. Methods and Results-Two hundred forty-four patients (168 men; 66Ϯ9 years) with a single superficial femoral artery lesion and chronic limb ischemia were randomized to implantation of a single Bard Luminexx 3 stent (123 patients) or stand-alone percutaneous transluminal angioplasty (PTA) (121 patients). Mean lesion length was 45 mm. Technical success (residual stenosis Ͻ50% for PTA, Ͻ30% for stenting) was achieved in 96 patients assigned to PTA (79%) and 117 patients assigned to stenting (95%); 13 PTA group patients (11%) "crossed over" to stenting. At 1 year, the primary end point of ultrasound-assessed binary restenosis was reached in 39 of 101 PTA group patients (38.6%) and 32 of 101 stent group patients (31.7%; absolute treatment difference, Ϫ6.9%; 95% CI, Ϫ19.7% to 6.2%; Pϭ0.377). Target lesion revascularization rates at 1 year were 18.3% and 14.9%, respectively (absolute treatment difference, Ϫ3.3%; 95% CI, Ϫ13.0% to 6.4%; Pϭ0.595). No statistically significant difference between treatment groups was observed at 12 months in the improvement by at least 1 Rutherford category of peripheral arterial disease. Conclusions-In the present study of patients with short superficial femoral artery lesions, the hypothesized absolute difference of 20% in binary restenosis at 1 year between the implantation of a single Luminexx nitinol stent and stand-alone PTA could not be demonstrated. A smaller difference requiring a larger trial might have been missed.
T he optimal treatment of superficial femoral artery (SFA) disease in patients with intermittent claudication is a matter of continuing debate. Controversial viewpoints are advocated by vascular surgeons on the one hand and endovascular specialists on the other hand. Even the latter do not agree on whether SFA treatment should be restricted to transluminal percutaneous angioplasty (PTA) or is best achieved with stent implantation. In 2000, the TransAtlantic Inter-Society Consensus Working Group generally discouraged the use of balloon-expandable stents and self-expanding Wallstents in the management of femoropopliteal disease but conceded that stents "may have a limited role in salvage of
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acute PTA failures or complications." 1 Since then, implantation of self-expanding bare nitinol stents has shown promise to improve the intermediate-term outcomes of SFA treatment over those achieved with balloon-expandable stents or selfexpanding stainless steel stents. [2] [3] [4] Still, the American College of Cardiology/American Heart Association 2005 guidelines for the management of patients with peripheral arterial disease do not endorse nitinol stenting as a primary therapeutic approach, mainly because of the paucity of data available from controlled trials. 5 We therefore conducted a randomized multicenter trial to assess the 1-year safety and efficacy of nitinol stent implantation versus stand-alone PTA in patients with SFA disease and chronic limb ischemia. Patients were eligible for enrollment if they were at least 21 years of age and had a de novo SFA lesion located at least 1 cm from the SFA origin with a length between 1 and 10 cm. Target lesion diameter stenosis had to be at least 70% by visual estimate. The popliteal artery as well as 1 of the infrapopliteal (below-the-knee) vessels had to be continuously patent for sustained distal runoff. Clinically, the patients had to suffer from chronic limb ischemia of at least Rutherford category 2 (moderate claudication 6 ). Major exclusion criteria were a target lesion that required pretreatment with adjunctive devices such as lasers or debulking catheters; a target lesion that extended into the popliteal artery; previous stent implantation in the targeted SFA; multiple lesions exceeding a total length of 10 cm; acute or subacute (Յ4 weeks) thrombotic occlusion; an untreated ipsilateral iliac artery stenosis; ongoing dialysis treatment; and treatment with oral anticoagulants other than antiplatelet agents.
Methods
All patients were informed about the nature of the present study and the interventional procedures involved and gave their written consent. The study was approved by the ethics committees at all participating centers.
Study Stent
The study stent was the Bard Luminexx 3 Vascular Stent (C.R. Bard, Inc, Murray Hill, NJ). This self-expanding open-cell stent made of nitinol (a nickel-titanium alloy) is available in nominal diameters of 4 to 14 mm (in 1-or 2-mm increments) and lengths of 20 to 120 mm (in 10-or 20-mm increments). In the context of the present study, only stents with a 5-to 7-mm diameter were implanted.
Interventions
All patients had to be premedicated with acetylsalicylic acid (aspirin, 100 mg/d) for at least 10 days. Patients not on this regimen were given an intravenous bolus of 500 mg of aspirin immediately before the intervention. Access to the culprit SFA lesion was achieved at the investigator's discretion either by way of a retrograde approach from the contralateral femoral artery with the use of a dedicated 6F "crossover" sheath (Balkin, Cook Medical Inc, Bloomington, Ind) or via an antegrade (ipsilateral) approach with a standard 6F sheath (eg, Radifocus Introducer II, Terumo Medical Corp, Somerset, NJ). After sheath placement, an intravenous bolus of 3000 to 5000 U of heparin (depending on the patient's weight) was administered. Digital subtraction angiography was subsequently performed to assess the following variables: the type of lesion (stenosis or total occlusion), its distance from the SFA origin, and its length (both determined by means of a radiopaque ruler placed below the patient's upper thigh), as well as its degree of calcification. Furthermore, the patency status of the ipsilateral iliac arteries, the popliteal artery, and the infrapopliteal arteries was documented. Protocol-mandated angioplasty of an ipsilateral iliac artery stenosis was performed before treatment of the culprit SFA lesion. After successful passage of the target lesion with a hydrophilic 0.018-inch or 0.035-inch guidewire, patients were assigned to either PTA or stent implantation with the use of 4-block randomization envelopes provided to each center by an independent data management organization (FGK Clinical Research GmbH, Munich, Germany).
In patients randomized to balloon angioplasty, an over-the-wire PTA balloon (eg, Sailor Plus or SubMarine Plus, Invatec, Roncadelle, Italy) was advanced into the lesion. Its nominal diameter had to be roughly the same as the reference vessel diameter, and its length had to match the lesion length, with a maximum proximal and distal balloon overhang of 5 mm. The balloon was gradually inflated until the lesion diameter appeared to be visually identical to the reference vessel diameter. When vessel recoil after balloon deflation was taken into account, the procedure was regarded as technically successful by the investigator if the residual diameter stenosis was estimated at Ͻ50% (later validated off-site by independent ultrasound analysis). In cases in which this end point was not reached or a flow-limiting dissection occurred, balloon inflation was repeated once for at least 5 minutes. If technical failure persisted after repeat angioplasty, the patient underwent implantation of the study stent.
In patients randomized to stenting, direct implantation without lesion predilatation was preferably performed. In tight stenoses and totally occluded lesions that precluded stent advancement, angioplasty with a 3-mm balloon was done to enable stent placement. The stent dimensions were chosen such that the nominal diameter exceeded the reference vessel diameter by 1 mm and the length exceeded the lesion length by 5 to 10 mm proximal and distal. The intention was to cover the entire lesion with a single stent. Protocolmandated postdilatation utilized a balloon shorter than the stent. Technical success was defined on-site as a residual diameter stenosis Ͻ30% by visual estimate. Deployment of a second study stent abutting the index stent was allowed in cases in which the latter was positioned incorrectly or a dissection extended beyond the stent margins.
In either study arm, the intervention was concluded with digital subtraction angiography to document the final procedural outcome. Patients who had received a stent were given 300 mg of clopidogrel within 1 hour of the final digital subtraction angiography.
All patients were discharged the day after the intervention on a regimen of aspirin (100 mg/d indefinitely). Patients who had undergone stent implantation were additionally prescribed clopidogrel (75 mg/d) for at least 4 weeks.
Clinical Evaluation
The patients' clinical status was evaluated before the intervention and before discharge, as well as during outpatient hospital visits at 1, 6, and 12 months. The evaluations included the determination of the ankle-brachial pressure index (ABI) at rest and, if possible, a treadmill test at 2 mph on a 12% incline to determine the patient's absolute walking distance and Rutherford category of peripheral arterial disease.
Ultrasound Examination
Color duplex ultrasound examinations of the target SFA were performed within 1 week before the intervention, before discharge, and at 1-, 6-, and 12-month follow-up. Each examination comprised measurements of the maximum peak systolic velocity (PSV) 2 cm proximal to the culprit lesion ("prestenotic"), within the lesion ("intrastenotic"), and up to 4 cm distal to the lesion ("poststenotic"). The ratio of the maximum intrastenotic PSV and the maximum prestenotic PSV (proximal peak velocity ratio [PVR proximal ]ϭ PVS intrastenotic /PVS prestenotic ) determined the degree of percent stenosis by means of a look-up table. 7 All ultrasound recordings were analyzed offline at an independent core laboratory (Bio-Imaging Technologies, BV, Leiden, Netherlands).
X-ray Examination
Patients receiving a study stent were scheduled for biplane x-ray examination at 12 months. Stent integrity was assessed from the radiographs obtained by an independent committee (see Appendix).
End Points
The primary study end point was binary restenosis, defined as a PVR proximal Ն2.4 on duplex ultrasound, 7 at 12-month follow-up. Secondary 12-month end points were target lesion revascularization, absolute walking distance, ABI, Rutherford category, major adverse event including death, and stent integrity.
Statistical Analysis
The sample-size calculation for this trial was based on the assumptions of 12-month binary restenosis rates of 45% in the PTA arm and 25% in the stent arm (an absolute difference of 20%). With acceptance of a 15% lost to follow-up rate, a 2-sided significance level ␣ of 0.05, and 80% statistical power, a total of 244 patients had to be enrolled. Data were analyzed according to the principle of intention to treat and, in a secondary "on-treatment" analysis, according to the actual treatment received.
Continuous variables are presented as meanϮ1 SD or, when appropriate, as median and interquartile range. Categorical variables are presented as counts and percentages. Differences between treatment groups in changes from baseline to 12 months of continuous variables were assessed by ANCOVA. Differences between categorical variables were assessed by Fisher exact text; 95% CIs were calculated for differences between pertinent categorical end-point variables. Logistic regression models were constructed to assess the impact of the treatment modality on 12-month restenosis in selected patient subgroups. A probability value Ͻ0.05 indicated statistical significance. All statistical analyses were performed with the use of SAS version 9.1.3 (SAS Institute Inc, Cary, NC).
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
Randomization assigned 121 patients to PTA and 123 patients to stenting. The resulting patient cohorts were well matched except for a lower prevalence of men, a higher prevalence of patients with renal insufficiency, and a lower baseline ABI in the stent group (Table 1 ). Approximately one third of patients were diabetics, and the vast majority of patients had chronic limb ischemia of Rutherford category 2 or 3 (Table 1) . With respect to lesion morphology, a disparity of borderline statistical significance was evident between PTA and stent group patients in the prevalence of total occlusions (25% versus 37%, respectively; Pϭ0.053) ( Table  2 ). In both treatment groups, the mean lesion length was 45 mm, yet reference vessel diameters were on average significantly smaller in women. In patients randomized to stenting, the lesions were well covered, with a mean stented segment length of 64 mm.
Intention-to-treat technical success as assessed by independent off-site ultrasound analysis was achieved in 117 stent group patients with a single stent (95%) and in 96 PTA group patients (79%). Implantation of a second study stent was required in 4 patients (3.3%). Thirteen PTA group patients (11%) "crossed over" to receive a stent, resulting in ontreatment cohorts of 108 patients actually treated with PTA and 136 patients actually treated with stents. Procedural complications are listed in Table 3 .
Primary End Point Analysis
Duplex ultrasound recordings at 12 months were available from 101 PTA group patients (83%) and 101 stent group patients (82%). Intention-to-treat analysis yielded binary restenosis rates of 38.6% (39 patients) in the former and Logistic regression analysis revealed no interaction of pertinent patient characteristics with the treatment modality ( Figure 1 ) and also no interaction of gender with reference vessel diameter (P for interactionϭ0.222). The logistic regression showed that women had a nonsignificantly increased risk of restenosis with stenting (odds ratio, 1.52; Pϭ0.465) and that stenting conferred marked, if statistically not significant, reductions in the risk of restenosis in various patient subsets, such as men, smokers, and diabetics, as well as patients with moderate to severe calcification, patients with total occlusions, and patients with 1 or more occluded distal runoff vessels (Figure 1 ). These findings were reflected in pronounced, yet statistically not significant, differences in binary restenosis rates favoring stenting in the subgroups mentioned (Figure 2 ). Women exhibited an increased restenosis rate with stenting (absolute difference 8.5%), but there was an imbalance in patient numbers (only 25 women underwent PTA, yet 40 underwent stenting), the 95% CI of the absolute treatment difference extended to Ϫ15% (Figure  2) , and the exploratory probability value for the difference in restenosis rates was 0.579.
Stent integrity at 12 months was assessed in 83 of 101 patients; stent fractures were detected in 10 of 83 patients Total, n (%) 8 (7) 5 (4) Values are numbers of patients.
(12%). The binary restenosis rate in patients with stent fractures was statistically not different from that in patients without stent fractures (20.0% versus 28.8%, respectively; Pϭ0.719).
Clinical Outcomes
Clinical follow-up at 12 months was assessed in 115 PTA group patients (95%) and 114 stent group patients (93%). There was 1 death (of a carcinoma) at 11.6 months in the PTA group (0.9%), and 4 deaths (3.5%) occurred at a median of 8.0 months (interquartile range, 4.9 to 9.1 months) in the stent group. The cause of death in the latter patients was a carcinoma, multiple organ failure, and severe 3-vessel coronary artery disease; it remains unknown in 1 patient. Lowerlimb amputations because of preexisting gangrene had to be performed in 2 stent group patients (1.8%). Target lesion revascularizations were performed only if 2 conditions were met: (1) the patient complained of recurrent claudication, and (2) on-site duplex ultrasonography revealed target lesion restenosis. The cumulative incidence of target lesion revascularizations at 12 months was 18.3% (21 patients) in the PTA group and 14.9% (17 patients) in the stent group (absolute treatment difference, Ϫ3.4%; 95% CI, Ϫ13.0% to 6.4%; Pϭ0.595). By on-treatment analysis, the corresponding incidences were 18.6% (19/102 patients) and 15.0% (19/127 patients; absolute treatment difference, Ϫ3.7%; 95% CI, Ϫ13.7% to 6.0%; Pϭ0.479).
The change in the patients' clinical and hemodynamic status in terms of absolute walking distance, ABI at rest, and Rutherford category was assessed in a subset of 61 stent group patients (50%) and 75 PTA group patients (62%) who were able to undergo treadmill testing both at baseline and at 12-month follow-up. At 12 months, PTA and stent group patients were able to maximally walk a median of 185 m and 150 m, respectively, on the treadmill, which corresponded to a statistically significant difference in median walking distance improvement (52 versus 20 m, respectively; ANCOVA Pϭ0.028 [ Figure 3A] ). The resting ABI had improved at 12 months by approximately the same median amount in both treatment groups (PTA, 0.15; stent, 0.21; ANCOVA Pϭ0.560 [ Figure 3B] ). An improvement by at least 1 Rutherford category of peripheral arterial disease was observed at 12 months in a total of 122 patients (90%), with no statistically significant difference between treatment modalities either by intention-to-treat or by on-treatment analysis (Figure 4) .
Discussion
In this randomized controlled trial of implantation of a single Luminexx 3 nitinol stent versus stand-alone PTA in 244 patients with a SFA lesion up to 10 cm in length (mean 4.5 cm), no statistically significant difference was found between the 2 treatment modalities in the primary end point of ultrasound-assessed binary restenosis at 12 months. Pronounced reductions in restenosis rates associated with stenting were observed in subgroups such as men, diabetics, and smokers, as well as patients with totally occluded lesions, patients with calcified lesions, and patients with impaired distal runoff. However, in none of these subgroups did the difference versus PTA reach statistical significance. Of note, no interaction of these patient characteristics with the treatment modality or of gender with reference vessel diameter was observed. The lack of a statistically significant difference in binary restenosis was reflected in the patients' clinical outcomes. At 12 months, no statistically significant differences between stent and PTA treatment were seen in target lesion revascularizations (15% and 18%, respectively), improvement in resting ABI (median 0.15 and 0.21, respectively), and improvement by at least 1 Rutherford category of peripheral arterial disease (89% and 92% of patients, respectively). The improvement in absolute walking distance (52 and 20 m, respectively) reached statistical significance, but significance testing for this variable was performed on an exploratory, not a confirmatory, basis, implying that the difference could be due to random variation. The difference could also be due to bias because of the low proportion of patients who had this outcome assessed.
At the time of conception of our trial, no randomized data were available on nitinol stenting versus PTA in the treatment of SFA disease. We therefore based our assumptions of restenosis rates in either treatment arm on a then-recent review of PTA results, 8 on the 9-month results of the small-size (49 patients total) SIROCCO II trial of sirolimuseluting versus bare-metal nitinol stenting of SFA lesions, 9 and on a retrospective single-center analysis of nitinol stenting in the SFA 10 and hypothesized binary restenosis rates in the PTA and stent arm of 45% and 25%, respectively (an absolute difference of 20%). However, we observed rates of 39% and 32%, respectively (an absolute difference of 7%). The trial was not powered to establish this observed difference in restenosis rates with statistical significance. Our results therefore suggest that, in patients with short SFA lesions, implantation of a single Luminexx 3 nitinol stent provides no, or possibly only little, additional benefit compared with standalone PTA.
Our results appear to contradict those of a previous single-center randomized trial of nitinol stenting versus PTA in patients with SFA disease, in which the superiority of nitinol stenting was demonstrated in terms of angiographic restenosis at 6 months and ultrasound-determined restenosis at 12 months. 11 Obvious differences between that study and ours are that Schillinger et al 11 used different stents (Dynalink or Absolute, Guidant Corp, Santa Clara, Calif), allowed multiple-stent implantation, and treated lesions that were on average twice as long (101 mm in the stent group and 92 mm in the PTA group). At 12 months, they observed a binary restenosis rate in their 49 stent group patients of 36.7%, which is statistically not different from the 31.7% (Ϫ5.1%; 95% CI, Ϫ21.3% to 10.4%) found in our study. However, in. Change from baseline to 12 months in absolute walking distance (AWD) (A) and ABI (B) in patients who were able to undergo treadmill testing at both baseline and 12-month follow-up. In both panels, bars denote medians, and error bars denote interquartile ranges.
months is most probably due to the fact that PTA is significantly less effective in longer lesions, whereas lesion length, the type of stent used, and the implantation of multiple versus single stents appear to have no major impact on 12-month restenosis in patients treated with stenting.
Another factor that may have contributed to the lack of a significant difference in effectiveness between the 2 treatment modalities noted in our study is the discrepant prevalence of total occlusions in the treatment arms. Total occlusions are known to be associated with markedly higher restenosis rates than stenoses, 8 and their lower prevalence in the PTA group (25% versus 37% in stent-group patients) may have resulted in a lower PTA group restenosis rate than would have been found if total occlusions had been equally prevalent in both treatment arms. Finally, gender appeared to affect 12-month restenosis exclusively in the PTA arm, such that women assigned to PTA had a markedly lower restenosis rate (24.0%) than men (43.4%). However, this difference (with an exploratory Pϭ0.101) may have been due to chance because of the marked imbalance in patient numbers (only 25 women, yet 76 men, underwent PTA).
Nitinol stenting was associated with trends toward absolute reductions in restenosis on the order of 15% in diabetics and, surprisingly, smokers, as well as in patients with totally occluded or calcified lesions and patients with impaired distal runoff. The reasons for reduced restenosis rates by nitinol stenting in these generally "sicker" patients with comorbidities and/or advanced atherosclerosis are unknown and warrant further investigation in properly powered trials.
The incidence of stent fractures in our study was at 12% on the same order of magnitude as that reported in a recent study. 12 An impact of stent fractures on the 12-month restenosis rate was not noted.
Limitations
The present study was powered to detect an absolute difference in restenosis rates between stenting and PTA of 20%. It was not powered to find an absolute difference of Ͻ20% that may be clinically relevant. To test whether the observed absolute difference in binary restenosis rates of 7% was statistically significant, a prohibitive number of patients (Ϸ1500 total) would be required.
We restricted the ANCOVA of the improvement in the clinical and hemodynamic status of our patients to those who were able to undergo treadmill testing at both baseline and 12-month follow-up. Data were available from only 136 (56%) of the 244 patients because patients refused treadmill testing or had comorbidities or an impairment of the contralateral leg that prevented them from treadmill testing at either date.
Conclusions
In this randomized controlled trial that incorporated independent ultrasound analysis and data management, the hypothesized difference in 12-month restenosis of Luminexx 3 nitinol stenting versus stand-alone PTA of short SFA lesions could not be demonstrated. However, it cannot be excluded that a smaller than hypothesized benefit by stenting does exist, such as the overall 7% absolute reduction in binary restenosis at 12 months or the Ϸ15% absolute reduction observed in diabetics and patients with total occlusions. The study was underpowered to detect such differences with statistical significance. Properly powered trials to assess the value of nitinol stenting in selected patients with short SFA lesions, particularly diabetics or patients with advanced atherosclerotic disease, appear warranted. 
